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(57) The present invention provides a producing 
method of a magnesium-based alloy wrought product ca- 
pable of producing a plastic processing wrought product 
made of magnesium-based alloy with excellent produc- 
tivity. 

A drawn material made of magnesium-based alloy 
obtained by drawing processing is subjected to plastic 
processing into a wrought product at processing temper- 


ature of lower than 250°C. 

Since the alloy structure is finely divided by the drawing 
processing, plastic workability can be enhanced in the 
plastic processing even if the processing temperature is 
lower than 250°C. 

Examples of the plastic processing are forging process- 
ing, swaging processing and bending processing. 
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Description 

Technical Re Id 

[0001] The present invention relates to a method for 
producing a wrought product made of magnesium-based 
alloy by plastic processing. More particularly, the inven- 
tion relates to a producing method of a magnesi- 
um-based alloy wrought product capable of producing 
the wrought product with more excellent productivity 
while lowering a processing temperature when the plastic 
working is carried out. 

Background Technique 

[0002] The magnesium-based alloy is lighter than alu- 
minum in weight, and has more excellent specific 
strength and specific rigidity as compared with steel or 
aluminum and thus, the magnesium-based alloy is widely 
used for aircraft parts, automobile parts, bodies of various 
electrical products and the like. 
[0003] However, since Mg and its alloy have hexago- 
nal close-packed lattice (hep) structure, they have poor 
ductility and their plastic workability is extremely poor. It 
is widely known that workability of magnesium-based al- 
loy becomes excellent if the temperature is increased at 
the time of processing. For example, Japanese Patent 
Applications Laid-open Nos.2000-283134 and 
2000-3431 78 describe technique for processing a screw 
in a temperature state in which magnesium-based alloy 
material generates superplasticity phenomenon. 
[0004] When magnesium-based alloy material is plas- 
tically processed, however, since the temperature at 
which the superplasticity phenomenon is generated is as 
high as 250°C or higher, the conventional method has a 
problem that a wrought product can not be produced by 
the plastic processing with excellent productivity. 
[0005] Conventionally, when severe processing such 
as plastic processing is to be carried out to obtain a 
wrought product made of magnesium-based alloy, al- 
though conditions differ depending upon processing de- 
gree, it is necessary to heat extruded material or rolled 
material made of magnesium-based alloy which is to be 
processed to 250°C or higher and to process the material. 
Therefore, heat equipment for high temperature as high 
as 250°C or higher is not only required, but a mold used 
for the plastic processing and a processing material such 
as a roll are also exposed to high temperature and their 
lifetimes are shortened, and this increases the process- 
ing cost. Thus, it is by no means preferable for industrial 
production to heat material to 250°C or higher. 
[0006] It is a main object of the present invention to 
provide a producing method of a magnesium-based alloy 
wrought product capable of producing a plastically proc- 
essed wrought product made of magnesium-based alloy 
with excellent productivity. 


Disclosure of the Invention 

[0007] It is generally considered it difficult to carry out 
severe processing such as plastic processing for mag- 

5 nesium-based alloy. The present inventors variously re- 
searched and found that if a magnesium-based alloy ma- 
terial which is previously subjected to specific drawing 
processing is used, plastic processing can be carried out 
even if the processing temperature is less than 250°C, 

10 and achieved the present invention. 

[0008] That is, the producing method of a magnesi- 
um-based alloy wrought product of the present invention 
is characterized in that a drawn material made of mag- 
nesium-based alloy obtained by drawing processing is 

15 subjected to plastic processing into a wrought product at 
a processing temperature of less than 250°C. 
[0009] Conventionally, when a magnesium-based al- 
loy material is subjected to plastic processing to obtain 
a wrought product, extruded material or rolled material 

20 is used as material to be processed. However, if the ex- 
truded material or rolled material is used, it must be heat- 
ed to 250°C or higher at the time of plastic processing, 
and it is strongly desired to lower the processing temper- 
ature. The present invention lowers the processing tem- 

25 perature by using not extruded material or rolled material 
but a drawn material obtained by the drawing processing, 
i.e., the invention realizes a plastic processing at less 
than 250°C, especially at 200°C or lower. According to 
the invention, it is possible to lower the processing tem- 

30 perature at the time of plastic processing to less than 
250°C by using a drawn material, the conventional high 
temperature heating means is unnecessary, lifetime of a 
processing material such as a mold or roll used for the 
plastic processing can be increased, and productivity can 

35 be enhanced. The present invention will be explained in 
more detail. 

[001 0] Examples of the drawn material made of mag- 
nesium-based alloy of the invention are a wire (line-like 
body), a rod-like body, a pipe and the like. A cross section 
^0 of the drawn material may be of circular, rectangular, 
non-circular such as elliptic shape, i.e., the cross section 
may be of any shape. 

[001 1 ] When a wire or a rod-like body is to be obtained 
for example, the drawing conditions of the present inven- 

45 tion are that a temperature rising speed to the processing 
temperature is 1°C/sec to 100°C/sec, processing tem- 
perature is 50°C or higher and 200°C or lower (more 
preferably 1 50°C or lower), processing degree is 10% or 
more per one drawing processing (one pass), linear 

50 speed is 1 m/sec or more, and extruded material or rolled 
material is drawn. For example, when a pipe is to be 
obtained, the drawing temperature is 50°C or higher and 
300°C or lower (more preferably 100°C or higher and 
200°C or lower, and further preferably 100°C or higher 

55 and 150°C or lower), processing degree is 5% or higher 
per one drawing processing (preferably 10% or higher 
and more preferably 20% or higher), temperature rising 
speed to the drawing temperature is 1°C/sec to 
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100°C/sec, drawing speed is 1 m/sec or more, and ex- 
truded material or rolled material is drawn. If such a par- 
ticular drawing processing is carried out, the crystal grain 
can be fine, and more particularly, the average crystal 
particle diameter can be reduced to 1 0|xm or less. Ac- 
cording to the present invention, by fine grain, the plastic 
workability can be enhanced even if the heating temper- 
ature is less than 250°C, and a desired wrought product 
can be obtained. After the drawing processing, the ob- 
tained drawn material may be heated to temperature of 
100°C or higher and 300°C or lower, more preferably 
150°C or higher and 300°C or lower. This heating an- 
nealing is effective for recovery of lattice defect intro- 
duced by the drawing processing, and for further finely 
dividing crystal grain by acceleration of recrystallization. 
It is preferable that keeping time of this heating temper- 
ature is about 5 to 20 minutes. 

[001 2] Examples of the plastic processing of the inven- 
tion a re forging processing, swaging processing, bending 
processing and the like. When the forging processing is 
to be carried out as the plastic processing, the following 
temperature conditions are suitable. That is, when reduc- 
tion in height is r,% and processing temperature is T°C, 
T satisfies the relation of 3r,+1 50 > T > 3r.,-t-1 0 (however, 
20% < < 80%, T < 250°C). For example, when reduction 
in height r 1 is equal to 20(%), the heating temperature T 
(°C) is lower than 250°C, especially 70°C or higher and 
lower than 210°C. When extruded material or rolled ma- 
terial which is not subjected to drawing processing is sub- 
jected to forging processing of reduction in height of 20%, 
crack or the like is generated and forging processing can 
not be carried out if the material is not heated to high 
temperature as high as 2 1 0°C or higher, but if the material 
is heated to such high temperature, the lifetime of a 
processing material such as a mold or roll is shortened. 
According to the present invention, the heating temper- 
ature when forging processing of reduction in height of 
20% is carried out can be less than 210°C by the finely 
dividing effect of alloy structure using drawn material, 
and the lifetime of a processing material such as a mold 
or roll can be increased. When processing having reduc- 
tion in height r 1 of more than 33% is to be carried out, 
the lower limit value of the heating temperature is set to 
a value obtained by the 3r-,+1 0, and the upper limit value 
of the heating temperature is set to lower than 250°C 
while taking the lifetime of a mold or roll into considera- 
tion. Therefore, according to the present invention, when 
plastic processing having reduction in height of more than 
40% which is industrially effective processing is to be 
carried out, even if the processing temperature is lower 
than 250°C, forging processing can sufficiently be carried 
out. In the severe processing in which reduction in height 
is 80% or higher, it is desired to heat the material to 250°C 
or higher. 

[0013] When swaging processing is to be carried out 
as the plastic processing, the following temperature con- 
ditions are suitable. That is, when cross section reduction 
ratio is r 2 % and processing temperature is T°C, T satisfies 


the relation of 3r 2 +150 > T > 3r 2 -30 {however, 20% < r 2 
< 80%, T < 250°C). For example, when cross section 
reduction ratio r 2 is 20%, the heating temperature T (°C) 
can be less than 250°C, especially 30°C or higher and 

5 less than 21 0°C. Therefore, if the cross section reduction 
ratio is 20%, according to the present invention in which 
drawn material having fine alloy structure is used, lifetime 
of a processing material such as a moid can be increased 
in comparison with the conventional method in which ex- 

10 truded material or rolled material which is not subjected 
to drawing processing is used and heating to 210°C or 
higher is required. When cross section reduction ratio r 2 
exceeds 33%, the lower limit value of the heating tem- 
perature is set to value obtained by the 3r 2 -30, and the 

15 upper limit value of the heating temperature is set to lower 
than 250°C while taking the lifetime of a mold or the like 
into consideration. In the present invention in which 
drawn material having fine alloy structure is used, when 
processing whose cross section reduction ratio exceeds 

20 40% which is industrially effective processing is to be 
carried out, the swaging processing can be carried out 
at the processing temperature lower than 250°C. In the 
severe processing in which cross section reduction ratio 
exceeds 80%, it is desired to heat the material to 250°C 

25 or higher. 

[0014] When the bending processing is to be carried 
out as the plastic processing, the following temperature 
conditions are suitable. That is, if thickness of a drawn 
material at the time of bending is t mm and bending radius 

30 is R mm and processing temperature is T°C, T satisfies 
(1) 250 > T > 250-250RA when 0.1 < R/t < 1.0, (2) 
500-250R/t > T > 0 when 1 .0 < R/t < 1 .9, and (3) 25 > T 
> 0 when 1 .9 < R/t < 2.0. For example, when a ratio RA 
of bending radius R and thickness t of the drawn material 

35 is 1 .0 to 1 .9, the heating temperature T (°C) can be lower 
than 250°C, and especially the upper limit value can be 
50 0-250 R/t or lower. That is, as will be found from a lat- 
er-described test result, the heating temperature can be 
lower than 100°C, further room temperature (e.g., 20°C). 

40 When R/t is 1.9 to 2.0, the heating temperature T (°C) 
can be 25°C or lower. In the conventional method in which 
extruded material or rolled material which is not subjected 
to drawing processing is used, if bending processing in 
which R/t is 1 .0 to 2.0, especially about 1.5 to 1.0 is to 

45 be carried out, it is necessary to heat the material. On 
the other hand, according to the present invention, bend- 
ing processing can sufficiently be carried out with R/t of 
1 .0 to 2.0 without heating the material due to the effect 
of fine crystal grain because drawn material is used, and 

50 heating equipment is unnecessary. Since heating oper- 
ation is not necessary, lifetime of a processing material 
such as a mold can be increased. In the case of severe 
processing having RA of less than 1.0, the lower limit 
value of the heating temperature is set to a value obtained 

55 by the 250-250 R/t, and the upper limit value of the heating 
temperature is set to a value lower than 250°C while tak- 
ing the lifetime of a mold or the like into consideration. 
According to the conventional method using extruded 
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material, it is necessary to heat the material to 200°C or 
higher in the severe processing having R/t of 1 .2 or less, 
and especially in the case of severe processing having 
R/t of 1 .0 or less, it is necessary to heat the material to 
250°C or higher. Whereas, according to the present in- 
vention, since the drawn material in which crystal grain 
is fine is used, bending processing can sufficiently be 
carried out at the processing temperature of lower than 
250°C even if the bending processing is severe process- 
ing in which R/t is 0. 1 to 1 .0. 

[0015] The thickness of the drawn material is a diam- 
eter when the drawn material is a wire (line-like body) or 
a rod-like body and its cross sectional shape is circular, 
a thickness when the drawn mate rial is a wire or a rod- like 
body and its cross sectional shape is rectangular, and a 
difference between an outer diameter and an inner di- 
ameter when the drawn material is a pipe. 
[0016] If R/t exceeds 2.0, the degree of the bending 
processing is low, and even extruded material or rolled 
material can be processed at room temperature and thus, 
it is not defined in the present invention. In the case of 
severe processing in which R/t is less than 0.1, since it 
is desired to heat the material to higher than 225°C, it is 
not defined in the present invention while taking the life- 
time of a processing material such as a mold into con- 
sideration. 

[0017] The present invention is effective in magnesi- 
um-based alloy having hep structure having poor work- 
ability at around roomtemperature (e.g., 20°C) irrespec- 
tive of alloy composition. For example, casting magne- 
sium-based alloy or flatting magnesium-based alloy can 
be used. Concrete examples of the alloy are one having 
0.1% by weight or more and 12% by weight or less Al 
and one having 0.1% by weight or more and 10% by 
weight or less Zn and 0.1% by weight or more and 2.0% 
by weight or less Zr. When the alloy contains Al, it may 
contain one or more of 0. 1 % by weight or more and 2.0% 
by weight or less Mn, 0.1 % by weight or more and 5.0% 
by weight or less Zn, and 0.1% by weight or more and 
5.0% by weight or less Si. As the alloy composition, it is 
possible to use AZ-based alloy, AS-based alloy, 
AM-based alloy, ZK-based alloy and the like in repre- 
sentative ASTM symbols. As contents of Al, 0.1 to less 
than 2.0% by weight Al and more than 2.0 to 12.0% by 
weight Al may be distinguished from each other. In ad- 
dition to the above chemical compositions, it is general 
to use alloy including Mg and impurities. Examples of the 
impurities are Fe, Si, Cu, Ni, Ca and the like. 
[0018] Examples of the AZ-based alloy having 2.0 to 
12.0% by weight Al are AZ31 , AZ61 , AZ91 and the like. 
The AZ31 is a magnesium-based alloy, for example, con- 
taining Al: 2.5 to 3.5% by weight, Zn: 0.5 to 1.5% by 
weight, Mn: 0.1 5 to 0.5% by weight, Cu: 0.05% by weight 
or less, Si: 0.1% by weight or less, and Ca: 0.04% by 
weight or less. The AZ61 is a magnesium-based alloy, 
for example, containing Al: 5.5 to 7.2% by weight, Zn: 
0.4 to 1 .5% by weight, Mn: 0.1 5 to 0.35% by weight, Ni: 
0.05% by weight or less, and Si: 0.1% by weight or less. 


The AZ91 is a magnesium-based alloy, for example, con- 
taining Al: 8.1 to 9.7% by weight, Zn: 0.35 to 1.0% by 
weight, Mn: 0. 1 3% by weight or more, Cu: 0. 1 % by weight 
or less, Ni: 0.03% by weight or less, and Si: 0.5% by 

5 weight or less. The AZ-based alloy contains Al: 0.1 to 
less than 2.0% by weight, and examples of the AZ-based 
alloy are AZ1 0.AZ21 and the like. The AZ1 0 is a magne- 
sium-based alloy, for example, containing Al: 1 .0 to 1 .5% 
by weight, Zn: 0.2 to 0.6% by weight, Mn: 0.2% by weight 

'o or more, Cu: 0.1 % by weight or less, Si: 0.1 % by weight 
or less, and Ca: 0.4% by weight or less. The AZ21 is a 
magnesium-based alloy, for example, containing Al: 1 .4 
to 2.6% by weight, Zn: 0.5 to 1.5% by weight, Mn: 0.15 
to 0.35% by weight, Ni: 0.03% by weight or less, and Si: 

*5 o. 1 % by weight or less. 

[0019] Examples of the AS-based alloy having Al of 
2.0 to 1 2.0% by weight are AS41 and the like. The AS41 
is a magnesium-based alloy, for example, containing Al: 
3.7 to 4.8% by weight, Zn: 0.1% by weight or less, Cu: 

20 0.15% by weight or less, Mn: 0.35 to 0.60% by weight, 
Ni: 0.001% by weight or less, and Si: 0.6 to 1.4% by 
weight. Examples of the AS-based alloy having Al of 0.1 
to less than 2.0% by weight are AS21 and the like. The 
AS21 is a magnesium-based alloy, for example, contain- 

25 ing Al: 1 .4 to 2.6% by weight, Zn: 0.1 % by weight or less, 
Cu: 0. 1 5% by weight or less, Mn: 0.35 to 0.60% by weight, 
Ni: 0.001 % by weight, and Si: 0.6 to 1 .4% by weight. 
[0020] Examples of the AM-based alloy are AM60, 
AM 100 and the like. The AM60 is a magnesium-based 

30 alloy, for example, containing Al: 5.5 to 6.5% by weight, 
Zn: 0.22% by weight or less, Cu: 0.35% by weight or less, 
Mn: 0.13% by weight or more, Ni: 0.03% by weight or 
less, and Si: 0.5% by weight or less. The AM 100 is a 
magnesium-based alloy, for example, containing Al: 9.3 

35 to 10.7% by weight, Zn: 0.3% by weight or less, Cu: 0.1% 
by weight or less, Mn: 0.1 to 0.35% by weight, Ni: 0.01 % 
by weight or less, and Si: 0.3% by weight or less. 
[0021] Examples of the ZK-based alloy are ZK40, 
ZK60 andthe like. The ZK40 is a magnesium-based alloy, 

4 o for example, containing Zn: 3.5 to 4.5% by weight, and 
Zr: 0.45% by weight or more. The ZK60 is a magnesi- 
um-based alloy, for example, containing Zn: 4.8 to 6.2% 
by weight, and Zr: 0.45% by weight or more. 
[0022] It is difficultto obtain sufficient strength with only 

45 magnesium, but if the above-described chemical com- 
positions are containd, preferable strength can be ob- 
tained. 

[0023] The present invention can be applied to pro- 
duce a wrought product obtained by subjecting a drawn 
50 material to plastic processing, such as an eyeglass 
frame, a reinforcing frame of portable electronic equip- 
ment or others, a screw and the like. 


Brief Description of the Drawings 

55 

[0024] 

Figs. 1 (a) and 1 (b) are graphs showing whether forg- 
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ing processing can be carried out when forging 
processing is carried out while changing reduction 
in height at various temperatures, wherein Fig. 1 (a) 
shows a drawn material and Fig. 1 (b) shows extrud- 
ed material; 

Figs. 2(a) and 2(b) are graphs showing whether 
swaging processing can be carried out when swag- 
ing processing is carried out while changing cross 
section reduction ratio at various temperatures, 
wherein Fig. 2(a) shows a drawn material and Fig. 
2(b) shows extruded material; and 
Figs. 3(a) and 3(b) are graphs showing whether 
bending processing can be carried out when bending 
processing is carried out while changing a ratio R/t 
of bending radius R and thickness t of material to be 
processed at various temperatures, wherein Fig. 3 
(a) shows a drawn material and Fig. 3(b) shows rolled 
material. 

Best Mode for Carrying Out the Invention 

[0025] Embodiments of the present invention will be 
explained below. 

(Embodiment 1) 

[0026] Extruded materials (<j>4.0 mm, $3.0 mm) of mag- 
nesium-based alloy (material corresponding to ASTM 
symbol AZ31) containing Al: 3.0% by weight, Zn: 1 .0% 
by weight, Mn: 0.15% by weight, and balance comprising 
Mg and impurities were prepared. The extruded material 
of $4.0 mm was subjected to drawing processing to $3.0 
mm at the temperature of about 160°C and processing 
degree of cross section reduction ratio per one pass of 
20% or less (temperature rising speed to 1 60°C is about 
10°C/sec, linear speed is 16 m/sec). After the drawing 
processing, thermal treatment of 350°C x 15 min was 
carried out. As a result, distortion caused at the time of 
drawing processing was eliminated and structure was 
equally divided finely by recrystallization. 
[0027] The obtained drawn material of $3.0 mm and 
the extruded material of $3.0 mm which was not subj 
ected to drawing processing were cut into pieces of 3 
mm length as test pieces. These test pieces were sub- 
jected to forging processing in a line axis direction with 
various reductions in height. At that time, the test pieces 
were heated to various temperatures in a range of 1 00°C 
to 250°C, and forging processing was carried out. Then, 
it was checked whether forging processing could be car- 
ried out. A result thereof is shown in Figs. 1 (a) and 1 (b). 
In Figs. 1 (a) and 1(b), O shows that forging processing 
could be carried out, x shows that a crack or the like was 
generated and forging processing could not be carried 
out, and A shows thatforging processing could be carried 
out but heating temperature was high and there was a 
problem in terms of lifetime of a mold. In Figs. 1(a) and 
1 (b), an equation (1 ) is T = 3^+150 and an equation (2) 
is T = 3^+10. In the equations (1) and (2), T represents 


heating temperature, and r 1 represents reduction in 
height. 

[0028] As shown in Fig. 1(a), when drawn material is 
to be subjected to forging processing, if the drawn ma- 
5 terial is heated to the temperature T°C which satisfies T 
> 3^+1 0 with respect to reduction in height of n, (%), 
forging processing could be carried out. That is, when 
drawn material is used, it can be found that even if it is 
heated to temperature lower than 250°C, forging 
10 processing can sufficiently be carried out. Especially 
forging processing having reduction in height of about 20 
to 30%, forging processing could be carried out sufficient- 
ly even at temperature that satisfied T < 3r,+150. When 
the drawn material was heated to 250°C, forging process- 
's ing could be carried out with reduction in height in a range 
of 20 to 80%, but if lifetime of a mold is taken into con- 
sideration, it is preferable that the drawn material is heat- 
ed to lower than 250°C. 

[0029] On the other hand, when extruded material 
20 which was not subjected to drawing processing was sub- 
jected to forging processing as shown in Fig. 1 (b), the 
extruded material could not be processed without heating 
the extruded material to temperature that satisfied T > 
3^+150 with respect to reduction in height of r., (%) . 
25 Especially in the case of forging processing with reduc- 
tion in height of more than 40% which is industrially ef- 
fective processing, it can be found that the material must 
be heated to 250°C or higher. 

[0030] Similar tests were carried out using magnesi- 
30 um-based alloys having different compositions. That is, 
after extruded material was subjected to drawing 
processing, drawn material subjected to thermal treat- 
ment was subjected to forging processing in the linear 
axis direction at various temperatures in a range of 100 
35 to 250°C with various reductions in height. Compositions 
of magnesium-based alloys subjected to the test will be 
shown below. 

A magnesium-based alloy containing Al: 1 .2% by 

40 weight, Zn: 0.4% by weight, Mn: 0.3% by weight, and 
balance comprising Mg and impurities (material cor- 
responding to ASTM symbol AZ10) 
A magnesium-based alloy containing Al: 6.4% by 
weight, Zn: 1.0% by weight, Mn: 0.28% by weight, 

45 and balance comprising Mg and impurities (material 
corresponding to ASTM symbol AZ61) 
A magnesium-based alloy containing Al: 9.0% by 
weight, Zn: 0.7% by weight, Mn: 0. 1 % by weight, and 
balance comprising Mg and impurities (material cor- 

50 responding to ASTM symbol AZ91 ) 

A magnesium-based alloy containing Al: 1.9% by 
weight, Mn: 0.45% by weight, Si: 1.0% by weight, 
and balance comprising Mg and impurities (material 
corresponding to ASTM symbol AS21) 

55 a magnesium-based alloy containing Al: 4.2% by 
weight, Mn: 0.50% by weight, Si: 1.1% by weight, 
and balance comprising Mg and impurities (material 
corresponding to ASTM symbol AS41 ) 
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A magnesium-based alloy containing Al: 6.1% by 
weight, Mn: 0.44% by weight, and balance compris- 
ing Mg and impurities (material corresponding to 
ASTM symbol AM60) 

A magnesium-based alloy containing Zn: 5.5% by 
weight, Zr: 0.45% by weight, and balance comprising 
Mg and impurities (material corresponding to ASTM 
symbol ZK60) 

[0031 ] With any of the above samples, if it was heated 
to temperature T°C that satisfied T>3r.,+10 with respect 
to reduction in height of r 1 (%), forging processing could 
be carried out and even if it was heated to lower than 
250°C, it could be processed sufficiently. 

(Embodiment 2) 

[0032] The drawn material (material corresponding to 
ASTM symbol AZ31) of 03.0 mm prepared under the 
same drawing conditions as those of the embodiment 1 , 
and the extruded material (material corresponding to 
ASTM symbol AZ31 ) of 03.0 mm which was not subjected 
to drawing processing were subjected to swaging 
processing. The swaging processing was carried out in 
such a manner that test pieces were heated to various 
temperatures in a range of 100°C to 250°C, and cross 
section reduction ratio was changed so that the following 
seven kinds of diameters could be obtained: i.e., 02.7 
mm (cross section reduction ratio 1 9%), <j>2.4 mm (cross 
section reduction ratio 36%), 02.3 mm (cross section re- 
duction ratio 41.2%), <j>2.1 mm (cross section reduction 
ratio 51%), (j>1.9 mm (cross section reduction ratio 
59.9%), 01 .6 mm (cross section reduction ratio 71 .6%) 
and 01 .4 mm (cross section reduction ratio 78.2%). Then, 
it was checked whether swaging processing could be 
carried out. A result thereof is shown in Figs. 2(a) and 2 
(b). In Figs. 2(a) and 2(b), O shows that swaging process- 
ing could be carried out, x shows that a crack or the like 
was generated and swaging processing could not be car- 
ried out, and A shows that swaging processing could be 
carried out but heating temperature was high and there 
was a problem in terms of lifetime of a mold. In Figs. 2 
(a) and 2(b), an equation (3) is T = 3r 2 +1 50 and an equa- 
tion (4) is T= 3r 2 -30. In the equations (3) and (4), T rep- 
resents heating temperature, and r 2 represents cross 
section reduction ratio. 

[0033] As shown in Fig. 2(a), when drawn material is 
to be subj ected to swaging processing, if the drawn ma- 
terial is heated to the temperature T°C which satisfies T 
> 3r 2 -30 with respect to cross section reduction ratio r 2 
(%), swaging processing could be carried out. That is, 
when drawn material is used, it can be found that even 
if it is heated to temperature lower than 250°C, swaging 
processing can sufficiently be carried out. Especially 
swaging processing having cross section reduction ratio 
of about 20 to 30%, swaging processing could be carried 
out sufficiently even at temperature T°C that satisfied T 
< 3r 2 +150. When the drawn material was heated to 


250°C, swaging processing could be carried out with 
cross section reduction ratio in a range of 20 to 80%, but 
if lifetime of a mold is taken into consideration, it is pref- 
erable that the drawn material is heated to lower than 
5 250°C. 

[0034] On the other hand, when extruded material 
which was not subjected to drawing processing was sub- 
jected to swaging processing as shown in Fig. 2(b), the 
extruded material could not be processed without heating 

10 the extruded material to temperature T°C that satisfied 
T > 3r 2 +150 even if the cross section reduction ratio r 2 
is about 20 to 30%. Especially when the cross section 
reduction ratio is 40% or more, the swaging processing 
could not be carried out without heating the material to 

15 250°C or higher. 

[0035] Similar tests were carried out using magnesi- 
um-based alloys having different compositions. That is, 
after extruded material was subjected to the same draw- 
ing processing as that of the embodiment 1, drawn ma- 

20 terial subjected to thermal treatment was subj ected to 
swaging processing with various cross section reduction 
ratio and at various temperatures in a range of 100 to 
250°C so that the above seven kinds of diameters could 
be obtained. As the magnesium-based alloys, the follow- 

25 jng materials having the same compositions as those 
shown above were used, i.e., a material corresponding 
to AZ10, a material corresponding to AZ61, a material 
corresponding to AZ91, a material corresponding to 
AS21 , a material corresponding to AS41 , a material cor- 

30 responding to AM60 and a material corresponding to 
ZK60. 

[0036] As a result of the test, with any of the samples, 
swaging processing could be carried out by heating the 
drawing material to the temperature T°C that satisfied T 
35 > 3r 2 -30 with respect to cross section reduction ratio r 2 
(%), and the drawing material could sufficiently be proc- 
essed even if the heating temperature is lower than 
250°C. 

<to (Embodiment3) 

[0037] A drawn material of <j>3.0 mm (material corre- 
sponding to ASTM symbol AZ31) prepared under the 
same drawing conditions as those of the embodiment 1 

45 was further subjected to drawing processing (tempera- 
ture 160°C, cross section reduction ratio per one pass 
was about 1 5 to 1 8%, temperature rising speed to 1 60°C 
was about 1 0°C/sec, linear speed was 20 m/sec), and a 
linear material having rectangular cross sectional shape 

50 (thickness t 1 mm x width 3 mm) was obtained. This 
linear material was subjected to thermal treatment of 
350°C x 15 min, and test pieces were obtained. Further, 
a rolled material having the same component (material 
corresponding to ASTM symbol AZ31) as that used in 

55 the embodiment 1 and thickness t of 1 mm was prepared, 
it was cut into width of 3 mm as test pieces. 
[0038] The test pieces of drawn material of thickness 
1 1 mm x width 3 mm, and rolled material of thickness t 
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1 mm x width 3 mm were subjected to bending process- 
ing with various bending radii R. The bending processing 
was carried out by heating the test pieces at various tem- 
perature in a range of 20 to 250°C. Then, it was checked 
whether bending processing could be carried out. Figs. 5 
3 (a) and 3 (b) show a result thereof. In Figs. 3(a) and 3 
(b), O shows that bending processing could be carried 
out, x shows that a crack or the like was generated and 
bending processing could not be carried out, and Ashows 
that bending processing could be carried out but heating 10 
temperature was high and there was a problem in terms 
of lifetime of a mold. In Figs. 3(a) and 3(b), an equation 
(5) is T = -250R/t+250 and an equation (6) isT=- 
250R/t+500. In the equations (5) and (6), T represents 
heating temperature, R represents a bending radius and is 
t represents a thickness of test piece. 
[0039] As shown in Fig. 3(a), when drawn material is 
to be subj ected to bending processing, if a ratio R/t of 
the bending radius R (mm) and thickness t (mm) of the 
test piece satisfied 0. 1 < R/t < 1 .0, the bending processing 20 
could be carried out by heating the test piece to temper- 
ature T°C that satisfiedT>-250R/t+250. Especially when 
the R/t was more than 1 .0 and less than 2.0, the bending 
processing could sufficiently be carried out even if the 
temperature satisfied T < -250R/t+500, specifically, the 25 
temperature was 20°C that is around the room temper- 
ature. Further, the bending processing could sufficiently 
be carried out at 20°C even if the R/t was 2.0. That is, 
when drawn material is used, it can be found that the 
bending processing can sufficiently be carried out even 30 
if the heating temperature is lower than 250°C. When the 
drawn material was heated to 250°C, bending processing 
could be carried out with the R/t in a range of 1 .0 to 2.0, 
but if lifetime of a mold is taken into consideration, it is 
preferable that the drawn material is heated to lower than 35 
250°C. 

[0040] On the other hand, when rolled material which 
was not subjected to drawing processing was subjected 
to bending processing as shown in Fig. 3(b), the rolled 
material could not be processed without heating the *<> 
rolled material to temperature T°C that satisfied T > 
-250RA+500 even if the R/t was 1 .0 or more. In the case 
of severe processing in which the R/t was 0.5 or less, 
bending processing could not be carried out even if the 
rolled material was heated to 250°C. 45 
[0041] Similar tests were carried out using magnesi- 
um-based alloys having different compositions. That is, 
after extruded material was subjected to the same draw- 
ing processing as that of the embodiment 1 , drawn ma- 
terial was subjected to drawing processing to obtain rec- so 
tangularcross section and then, was subjected to thermal 
treatment. This drawn material was subjected to bending 
processing with various bending radii so that the R/t fails 
in a range of 0.1 to 2.0 and at various temperatures in a 
range of 20 to 250°C. As the magnesium-based alloys, 55 
the following materials having the same compositions as 
those shown above were used, i.e., a material corre- 
sponding to AZ10, a material corresponding to AZ61, a 


material corresponding to AZ91 , a material correspond- 
ing to AS21 , a material corresponding to AS41 , a material 
corresponding to AM60 and a material corresponding to 
ZK60. 

[0042] As a result of the test, any of samples could be 
sufficiently subjected to bending processing by heating 
the samples to the temperature T°C satisfying T > 
-250R/t+250 when 0.1 <Rt<1.0. In addition, any of sam- 
ples could be sufficiently subjected to bending process- 
ing even in the case where the temperature T°C is smaller 
than -250R/t+500 when 1 .0 < R/t < 1 .9 or in the case 
where the temperature T°C is 20°C which is around room 
temperature when R/t is 1 .0 or more. As described above, 
any of the samples could be sufficiently subjected to 
bending processing even if heating was carried out at 
less than 250°C. 

Industrial Applicability 

[0043] As explained above, according to the producing 
method of magnesium-based alloy wrought product of 
the present invention, there is an excellent effect that 
plastic processing can be carried out at processing tem- 
perature of lower than 250°C by using a drawn material 
obtained by drawing processing. Therefore, according to 
the invention, it is unnecessary to increase a temperature 
as high as 250°C or more at th e time of plastic processing, 
unlike the conventional technique in which extruded ma- 
terial or rolled material is subjected to plastic processing 
as it is. Therefore, it is possible to increase lifetime of 
material to be processed such as a mold and a roll, and 
to obtain a wrought product of magnesium-based alloy 
with excellent productivity. 


Claims 

1. A producing method of a magnesium-based alloy 
wrought product, wherein a drawn material made of 
magnesium-based alloy obtained by drawing 
processing is subjected to plastic processing into a 
wrought product at processing temperature of lower 
than 250°C. 

2. A producing method of a magnesium-based alloy 
wrought product, wherein a drawn material made of 
magnesium-based alloy obtained by drawing 
processing is subjected to forging processing into a 
wrought product at processing temperature T°C that 
satisfies the following conditions: 

when reduction in height is r,% and processing 
temperature isT°C, 

T is in a range of 3^+1 50 > T > 3^ +1 0, however 
20% < < 80% and T < 250°C. 

3. A producing method of a magnesium-based alloy 
wrought product wherein a drawn material made of 
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magnesium-based alloy obtained by drawing 
processing is subjected to swaging processing into 
a wrought product at processing temperature T°C 
that satisfies the following conditions: 

when cross section reduction ratio is r 2 % and 
processing temperature is T°C, 
T is in a range of 3r 2 +1 50 > T > 3r 2 -30 p however 
20% < r 2 < 80% and T < 250°C. 


5. The producing method of a magnesium-based alloy 
wrought product according to any one of claims 1 to 
4, wherein the magnesium-based alloy contains 0.1 
to 12% by weight Al. 
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4. A producing method of a magnesium-based alloy 
wrought product wherein a drawn material made of 
magnesium-based alloy obtained by drawing 
processing is subj ected to bending processing into 
a wrought product at processing temperature T°C is 
that satisfies the following conditions: 

when the thickness of the drawn material when 
it is to be bent is t mm and bending radius is R 
mm and processing temperature is T°C, 20 
T is in a range of 

250 > T > 250-250RA when 0. 1 < R/t < 1 .0, 
500-250RA > T > 0 when 1 .0 < R/t < 1 .9, and 
25 > T > 0 when 1 .9 < R/t < 2.0. 


25 


30 


6. The producing method of a magnesium-based alloy 
wrought product according to claim 5, wherein the 
magnesium-based alloy contains at least one of 0.1 
to 2.0% by weight Mn, 0.1 to 5.0% by weight Zn and 

0.1 to 5.0% by weight Si. 35 

7. The producing method of a magnesium-based alloy 
wrought product according to any one of claims 1 to 
4, wherein the magnesium-based alloy contains 0.1 

to 1 0% by weight Zn and 0.1 to 2.0% by weight Zr. 40 


45 


50 


55 
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Fig. 1 (a) 
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